AFOSR-TR-97 


REPORT  DOCUMENTATION  PAGE  _  ^  ^  . 

O  33/ 

‘i  '  AgtNCY  UsToNLY  (Ltivt  bl»nk)  I  2.  ReVORT  DATI  j  J.  REPORT  TYPE  ANO  OATES  COVERED  ~ 

1.  «ot«wi  UJ  final  report  01  Nov  94  -  31  Jan  97 


4.  TITLI  AMD  SUBTITLE 

New  Materials  at  the  Metal-Insulator  Boundary 


«.  AUTHOA(S) 

Professor  Arthur  W.  Sleight 


7.  ?£RFORMING  ORGANIZATION  NAM£(S)  AND  ADORESS(£Sj 

Department  of  Chemistry 
Oregon  State  University 
153  Gilbert  Hall 
Corvalis,  Oregon  97331-4003 


a.  SAONSOAING/ MONITORING  AOENCV  NAME{S)  AND  ADDRESSdS) 

AFOSR/NE 

110  Duncan  Avenue  Suite  B115 
Bolling  AFB  DC  20332-8050 


111.  SUPPLEMENTARY  NOTES 


12«.  DIStRIBUTlON/ AVAILABILITY  STATEMENT 

APPROVED  FOR  PUBLIC  RELEASE:  DISTRIBUTION  UNLIMITED 


5.  FUNDING  NUMBERS 

61102F 

2305/GS 


r  1  yji?  i^.TTcTl  flf  ]  J| 


10.  SPONSORING/MONITORING 
I  AGENCY  REPORT  NUMBER 


F49620-95-I-0049 


Ub.  DISTRIBUTION  CODE 


U.  ABSTRACT  (Miximum  200yiK>rds) 

Many  materials  were  prepared  which  we  believe  are  close  to  a  metal-insulator 
boundary.  Some  of  these  materials  were  new  compounds.  Others  were  based  on 
known  compounds,  but  the  composition  was  systematically  varied  to  move  close  to 
the  metal-insulator  boundary.  Superconductivity  frequently  occurs  near  such 
boundaries.  Most  of  the  materials  prepared  were  oxides.  However,  some  new 
oxysulfides  and  oxyselenides  were  also  prepared..  None  of  the  samples  produced 

snowed  evidence  of  superconductivity  down  to  5K. 


19971002  012 


[  U.  SUBJECT  TERMS 


15.  NUMBER  OF  PAGE5 


I  16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION  I  IB’ '  “^511  T* 

n°”I”lFIED  raCLASSIFlED  PMCLASSIFIED  [ _ 

_  "■  ”*  "  ^Qg 7.AQ\ 

NSN  7540-01-280-5500  fr,icnb«<j  bv  anii  z3«-ib 


NSN  7540-01-280-5500 


FINAL-TECHNICAL  REPORT 
NOVEMBER  1, 1994  -  JANUARY  31, 1997 


Contract  F49620-95-1-0049 
Air  Force  Office  of  Scientific  Research 


New  Materials  at  the  Metal-Insulator  Boundary 


Arthur  W.  Sleight 
Department  of  Chemistry 
Oregon  State  University 
Corvallis,  Oregon  97331-4003 


Many  materials  were  prepared  which  we  believe  are  close  to  a  metal-insulator 
boundary.  Some  of  these  materials  were  new  compounds.  Others  were  based  on 
known  compounds,  but  the  composition  was  systematically  varied  to  move  close  to 
the  metal-insulator  boundary.  Superconductivity  frequently  occurs  near  such 
boundaries.  Most  of  the  materials  prepared  were  oxides.  However,  some  new 
oxysulfides  and  oxyselenides  were  also  prepared. 

Many  thin  films  with  the  infinite  layer  structure  were  prepared.  These  were 
based  on  SrCuOj,  which  is  an  insulator.  By  substitution  of  some  La  for  Sr,  one 
should  move  through  a  metal-insulator  boundary  to  a  metallic  state.  Our  results 
indicate  that  this  does  in  fact  occur,  but  unequivocal  evidence  for 
superconductivity  was  not  found  in  any  case.  Some  of  the  unusual  and 
unexplained  anomalies  in  electrical  resistivity  vs.  temperature  reported  by  others 
were  also  observed  in  our  work.  Our  X-ray  diffraction  studies  of  these  thin  films 
indicate  a  very  high  level  of  defects. 

Superconductors  showing  the  highest  Tc  can  be  considered  as  A/M^^/Cu/0  phases 
where  M^^  is  Ca,  Sr,  or  Ba  and  A  is  Hg,  Tl,  Pb,  and/or  Bi.  The  Tc  increases  with 
changing  A  going  from  right  to  left  in  the  periodic  table:  Bi  Hg.  This  suggests 
that  going  further  in  that  direction  might  produce  even  higher  Tc.  We  thus 
attempted  to  prepare  layered  A/M^'^/Cu/0  phases  where  A  is  Pt.  It  is  known  that 
Pt^*  can  occur  in  two-fold  linear  coordination  to  oxygen.  This  is  the  same 
coordination  that  Hg^^  has  in  the  Hg/M^^/Cu/0  superconductors.  Thus,  it  is 
reasonable  to  expect  structural  analogues  with  Pt^"^.  However,  the  desired  layered 
phases  were  not  obtained,  and  superconductivity  was  not  observed  in  any  of  our 
Pt/M^VCu/0  samples. 

Because  superconductivity  has  recently  been  found  in  a  ruthenium  oxide  based 
system,  we  decided  to  study  the  TlaRujO^,^  system  where  a  metal-insulator 
transition  as  a  function  of  temperature  is  known  to  occur.  By  changing  synthesis 
conditions  and  compostion,  the  properties  of  the  samples  were  varied  from 
semiconducting  to  metallic.  However,  no  samples  show  evidence  of 
superconductivity  down  to  5  K. 

TlgNbjO^.,^  is  isostructural  with  TlgRugO,.  A  change  from  metallic  to  insulating 
properties  might  be  expected  as  x  increases.  Samples  could  only  be  prepared  over 
the  range  of  x  from  0.0  to  0.6.  All  samples  were  insulating  and  did  not  show 
evidence  of  superconductivity. 

Several  new  compounds  were  prepared  containing  Bi®^  because  compounds  such 
as  KBP^Og  are  starting  points  for  producing  superconductors,  if  substitutions  can 
provide  a  change  to  a  metallic  state.  Some  of  the  new  Bi®^  compounds  prepared 
were  LiBi®*Og  (not  isostructural  with  KBi^^Og)  and  ABi/'^Og  phases  where  A  was 
Mg  or  Zn.  No  substitution  into  these  insulating  phases  produced  metallic  or 
superconductiving  materials. 


